Abstract The emergence and application of information and communication technologies in educational contexts imply changes in the tools used to teach and learn. However, this use does not guarantee the success of such processes. For instance, learning management systems are very popular but also very focused on the institution, which means that they cannot take into account all learning that happens beyond the institution throughout learners' lives. Personal learning environments (PLEs) and mobile technologies can be a solution to support such lifelong learning, but what happens in them should be taken into account by the institution. This paper presents a service-based framework to make this type of interaction possible, the communication of mobile PLEs with the institutional learning platforms. The framework has been implemented as an Android solution and tested by students and teachers. From these tests, it can be seen that the definition of a mobile PLE is possible and its use increases students' motivation.
Introduction
Teaching and learning processes are affected by the contexts in which they are carried out. These contexts provide teachers and learners with different tools to carry out learning activities. Information and communication technologies (ICT) represent some of the trends that can be applied to teaching and learning [1] . ICT have affected the way to access the contents, how the interaction is carried out among the different stakeholders, the kind of tools and resources used, etc. [2] .
However, while it represents an important advance in many contexts, it does not always guarantee success in learning processes [3] . This is mainly because the learners and the institutions use different kinds of technologies and different learning environments are needed, both institutional and personal ones [4] .
From an institutional point of view, the tools a user employs to learn are usually provided by the learning management system (LMS), which is a very popular and common solution in both industrial and academic contexts [5, 6] . These environments are focused on course delivery and provide teachers with tools that not only support but also extend the traditional concept of the classroom and facilitate managerial tasks [7] . These systems also provide students with spaces in which they may perform their academic activities, complement their lectures and, to a greater or lesser extent, collaborate with other students and teachers. However, learners do not only learn in such official contexts and only with institutional applications, nor in specific periods such as academic courses; they learn throughout their lives, using tools that are not provided and controlled by the institution [8, 9] .
To represent these other ways of learning, including the personalization capabilities that belong to the current digital age in which we live, the personal learning environment (PLE) concept is defined. PLEs facilitate users' learning process, allowing them to use those tools they want and not binding them to a specific institutional context or learning period as the traditional LMS does [10] . The implementation of this concept is not an easy task because the PLE should include very different tools and they should coexist and interact with existing LMSs, especially to provide information about other learning activities that the learners may carry out. However, the learner does not use just different tools, but also different technologies such as mobile devices.
Mobile technologies are quite popular nowadays, something shown by the fact that in 2013, there were more than 6,800 million mobile subscriptions all over the world and more than one mobile phone per person in the developed countries [11] . These kinds of devices have evolved very fast; most of them provide access to the Internet and to a great number of services that can be used for different purposes. Thus, mobile devices open new possibilities to carry out learning activities, and one of them is to implement a PLE in a mobile device, which is known as an mPLE.
However, regardless of the PLEs' underlying technology, they should interact with the LMSs. Both types of environments may coexist because they support two different concepts of learning (one controlled by the institution and the other focused on the learner) and also because institutions have already invested great amounts of money and time in the deployment of LMSs and have gained a lot of experience in their use [4] . The likely coexistence of LMSs and PLEs introduces a requirement for inter-operation between the two contexts that should be taken into account in Web and mobile platforms. Thanks to this interoperation, it would be possible for the learner to access institutional learning activities through mobile devices (which means he/she does not need to go to other contexts) and it would be possible to take into account what the learners carry out in contexts outside the institution, that is, informal learning experiences.
Given this context, it is necessary to define a solution that affords learners the opportunity to include and use the tools they want for learning, including both institutional and non-institutional applications. In addition, it should be possible to return to the LMS the information about what is happening with these tools in the mPLE context. With this aim, the present contribution presents a mobile PLE based on Android technologies and an interoperability framework.
To describe this solution, the paper is structured as follows. Section 2 presents the context of this research. After that, in Sect. 3, the paper describes the solution approach, the interoperability framework, how the mobile device is connected with the LM and shows the Android implementation of the solution. Section 4 presents the result of the evaluation of the implementation through several pilots. Finally, some conclusions are presented.
Research context and related works
The present work deals with the definition and implementation of a mobile PLE. In order to understand it properly, it is necessary to take into account what a PLE is.
The definition of a PLE is not easy, and although the term was coined around 2001, there is still debate about it [12] . There are different definitions; some of them are focused on technology and others on pedagogy.
One possible definition of a PLE taking into account both perspectives is the following: A PLE should be understood as a concept, a learning environment focused on the user and customizable, which will combine all the tools, services, opinions, people, resources and activities that are useful in the learning process. This environment should take into account the different training modalities, facilitate lifelong learning and allow the integration of new technologies. From a technological point of view, a PLE can be implemented as an integration framework that incorporates Web 2.0 technologies, supports interaction with other learning contexts, facilitates interoperability with other existing systems (such as learning content and resource repositories and LMSs) and provides monitoring systems for learners' activities [13] .
Mobile PLEs, which are the focus of this paper, can be understood as PLEs represented in mobile devices that provide learners with access to different services and tools through these devices.
Having explained these concepts, it is necessary to explore existing previous works related to mobile PLEs. Regarding this issue, some trends consider that the mobile device is a PLE in itself. No kind of adaptation or information or functionality is necessary, because the new devices provide by themselves the tools and frameworks that allow learners to personalize their learning [14] [15] [16] . In addition, these devices are specially adapted to facilitate informal learning activities carried out away from the [17] [18] [19] . This idea is correct though the integration of the tools the students use to learn is not so clear because they are not in the same space and the tools that are valid in one context do not always work in others [20] , which can mislead the learner in her ultimate goal, to learn. In fact, authors such as Van Harmelen [21] believe that the PLE should provide a single access point to a variety of learning resources.
There are several initiatives for mobile devices in this sense. An example of these mPLEs was the implementation carried out by Sharples, Corlett and Westmancott [22] .
They present the design implementation and evaluation of a handheld device. It is the result of a proof of concept and facilitates the definition of a personal environment in which a child can organize their learning resources, associate it with the learning resources and share it with learners and teachers. Another example is the mobile information and learning platform (MILP) [23] . This is a mobile Ajax solution, which allows flexible aggregation of microcontent in tag maps and topic trees. Besides collecting and connecting contents, the MILP provides support for different kinds of interaction and resources. The problem with these approaches is that they do not evolve easily because they have been defined using specific solutions.
Other mPLE approaches define tools to learn using the specific capabilities provided by the devices (GPS, camera, accelerometer, etc.). Some good examples are as follows: the CONTSENS Project [24] ; a mobile personal environment helping students to communicate among themselves and with experts by using their mobiles [25] ; and experiences of learning languages by using mobiles and taking into account the context of the user [26] . The problem with these solutions is that they depend greatly on the hardware and software of the devices (although software dependencies are being solved because of the popularity of some operating systems such as Android and iOS, and other technologies such as HTML5 or widget-based solutions).
On the other hand, there are many projects that use mobile devices as PLEs by including learning functionalities and institutional tools with them. Two representative examples are the MOLLY project [27] , a free open initiative integrated with the Sakai LMS, which allows students to make contact with experts, to access academic podcasts and libraries and to obtain information related to an institution, and CampusM, a mobile application that provides different tools to each student adapted to his/her needs (internal messages, blogs, portfolios, maps, calendars, alerts, etc.) and that allows integration with LMSs like Moodle or Blackboard [28] . The main drawback of these kinds of solutions is that they are too specifically defined for an institution in a technology, although this can be solved through the use specifications and standards. There are also some interesting initiatives to define PLEs such as Elgg, which has released mobile versions in order to make an easy way to build PLEs and access them through mobile devices possible [29] . With this system, it is possible to access virtual communities defined with Elgg from a mobile device. However, this tool is not always enough to define a PLE, because it should be enriched with other learning tools and has no way of communicating with the LMSs. Another example of these initiatives is the use of Liferay as a PLE [30] . Moreover, it is also possible to use widget-based solutions to define a PLE in other contexts. In this sense, there are several initiatives such as Aplix Web Runtime [31] , the Widget run-time: WAC-1.0 Compliant Golden for Android [32] and the consortia between different companies to define common interfaces for mobile applications [33] . The problem with these solutions is that not all of them use standards to define widgets, so they are not a valid solution in platforms different from that for which they are defined. Also some of those widgets can be adapted to be represented as native mobile applications or to an HTML5.0. The drawback in this case is that the teacher or person in charge of the institution has to take into account what is happening in two different contexts.
Last, but not least, it is possible to use LMS native tools from the mobile device, in a way that these tools can be combined with the device's own tools. These are very common solutions implemented by most LMSs [34] [35] [36] [37] [38] [39] [40] [41] . These LMS adaptations can be combined with other tools of the mobile device to carry out learning activities. The problem with these initiatives is that they are closely linked to the institution and it is not easy to integrate additional functionalities into the mobile PLE and to combine them with other tools.
All these solutions show that it is possible to open the PLE to other contexts and that it is possible to represent it in a mobile device. However, the heterogeneity of communication interfaces, software and hardware, and the lack of control over the activity, hamper the definition of real independent PLEs.
Another problem with most of these solutions is how to facilitate communication with the institutional environment. It is necessary to track the activity that is carried out on the mobile device so that it can be taken into account [42] [43] [44] . Moreover, it is interesting that a mobile PLE can be enriched with institutional activities so the learners should not need to use two different environments to learn. These facts show the need to facilitate the interoperation between institutional and PLEs.
In this sense, Wilson and others proposed three possible scenarios of interoperability between the LMS and the PLE [45] . However, only the second one, which considers opening the LMS by using Web services and interoperability initiatives, is interesting for this research. This integration trend includes iGoogle-based initiatives [46] , social networks connected with LMSs [47] , LMSs that offer support for implementations of interoperability specifications [48] , PLEs with specific communication protocols [21] or integration based on service-oriented architectures-SOAs [49] . Two main difficulties for these initiatives are as follows: institutional barriers to the opening of formal environments and the fact that those initiatives are focused on information exportation and not on interaction exchange. That is to say, communication is oriented in one direction, from the LMS towards the external tools.
However, as mentioned above, the interoperability should not only be in one direction; it is important to integrate the results of what has happened in the mPLE so that this information can be used. Regarding this, there are different possibilities. For instance, it is possible to return information about what is happening through a Twitter channel [50] , store logs about what is happening to exploit them with analytic tools [19] , define a tracking module included in the PLE [50] , etc. The problem with approaches such as these is that teachers and people in charge of the institutions, in order to see what has happened in the mPLE, should access other environments, or extra effort is needed to integrate external tools in the institutional environment. Taking all these solutions into account, with their problems and how they are addressed, a possible solution could be based on the definition of mPLE that uses Web services and interoperability specifications to facilitate the interaction with the institutional environments. This mobile PLE should be a framework that facilitates the use of tools integrated in the mobile and others that represent institutional functionalities. The results of the user activity should be returned to the institutional environment by using the interoperability specifications.
Proposal for a mobile PLE
This section presents a service-based framework to connect the mPLE with the LMS. It also describes how the mPLE is implemented as an Android application, as a proof of concept.
Interoperability framework
The need for interoperability between the mPLEs and the LMS learners requires definition of the communication ways between such tools, in such a way that the activities carried out in the devices can be taken into account by the institutional environments. Taking this into account, the mPLE can be understood as a set of mobile services, tools and communication channels that make it easy for the learner to carry out learning activities outside of the institutional environment with the possibility of returning to it the outcomes achieved.
In this sense, the authors of this paper have defined a service-based framework that, by using Web services and interoperability specifications, facilitates the definition of a PLE with activities that return information to the LMS [51] . This framework includes a mobile device that, by using Web services, would include an institutional activity. However, the framework did not consider how a mobile PLE could really work, and therefore, the framework has been adapted (Fig. 1) .
The LMS is the basic tool of the institutional environment. Each node can include one or several LMSs, and the framework does not define the number or the specific LMS to use. However, the LMSs should satisfy a minimum set of requirements; they should support Web services and interoperability specifications. By supporting Web services, the LMSs will be able to export functionalities from the institutional side to the mPLE, and in this way, the learners can use them from a different environment, which means that they do not need to access the LMS if not necessary and could use just one learning environment. On the other hand, by supporting interoperability specifications, it would be possible to return information about what is happening in the mPLE to the LMS. Figure 1 presents how the LMS implements a Web service interface (WebServicesInterface) that is consumed by the mPLE in order to access institutional functionalities. Figure 2 shows an example of this process modelled by using business process modelling notation (BPMN) [51] . The diagram shows that the mPLE requests a service from the LMS, which, having received the request, processes it, executes the service and returns the results, which will be shown on the mobile device.
In addition, the LMS implements an interface to be able to launch external activities into the mPLE (InteroperabilityToolConsumer), and it uses the interface implemented by the tools (InteroperabilityToolProvider) to integrate the outcomes of what happens in the mPLE.
Other important elements are the tools included in the mPLE. These are the tools that the learner may use to learn in his/her personal environment defined on the mobile device. There are three types of such tools:
• Tools that do not interact with the LMS. These are tools that can be employed in learning activities, but in order to take into account what the user does in them, the teacher should leave the LMS, enter the tool and check the activity carried out. That is any tool of a mobile device that can be used for educational purposes. For instance, the use of Instagram on the mobile device.
• Tools that use the LMS Web services layer. These kinds of tools use the Web services provided by the learning platforms in order to access information and functionalities from outside of this environment. Such tools should include a Web service consumer that uses the Web service interface provided by the LMS. For example, an adaptation of the LMS forum that can be used on the mobile.
• Tools that can integrate the students' activity through the use of interoperability specifications. These tools, which implement interoperability specifications, can be set up and instantiated as learning activities by the teacher in the LMS. In this way, the student may use them on the mobile device and it is possible to return the learners' outcomes achieved in this context to the LMS. The teacher does not need to access other contexts to check what the learner has done.
It should be noted that a tool could consume Web services and at the same time act as an interoperability tool provider by using interoperability specifications.
In addition, the framework includes other kinds of components. They are the mediators, also known as proxy tools. These components facilitate communication between the tools and the learning environments. They have two main aims. The first one is to facilitate the interoperability with tools that cannot implement a tool provider. This means tools that cannot be accessed to modify the source code. In this case, the mediator interacts both with the tool by using the interfaces that they provide (ExternalToolAPI) and with the LMSs. The other aim of the mediator is to provide additional functionalities or pre-process data. For example, it can be used to provide an interface to evaluate learners' activity in tools that are included in the mPLE but were not thought of as learning tools, such as GoogleDocs.
Implementation of the framework and the mobile solution
In order to check the suitability of the mPLE, both the framework and the mobile solution are implemented as a proof of concept. This implementation consists of:
• Institutional context. Although different LMSs could be used, several Moodle 2.1 instances were used in the proof of concept. There are different reasons for using Moodle in this context. Apart from the fact that Moodle is one of the most popular LMSs all over the world, it is also: (1) open source; (2) developed and supported by an international community with more than 1,000,000 members [52]; (3) a system with more than 68,000 installed servers in which there are more than 58 million students; (4) translated into more than 75 languages [53] ; (5) very successful in different institutions [54] ; and (6) includes a Web service layer that opens it to new technologies and facilitates it being integrated with service-oriented architectures [55, 56] .
• Communication channels. In order to implement these channels, Web services were used to exchange information and interaction with the LMS and BLTI [57] to integrate the students' activity performed in other environments and to guarantee the portability of the framework to other contexts. The Web services will be those provided by the LMS, which can be extended by following the Moodle extension protocol if needed. However, it is not possible to only use Web services because this would mean that the framework should be adapted to the service layer of each learning platform to be used. This was solved by using BLTI, implemented by most LMSs [48] . • The Mobile PLE. There were several possibilities for implementing the mobile PLE. It can be implemented as a widget container with different widgets representing the tools. This kind of solution facilitates the representation of the applications not only in a mobile context, but also in a browser or on a computer desktop. The main problem with this is that the existing mobile run-time containers are beta products and some widgets do not work properly and such containers are linked to a specific mobile operating system (there is a version for Android, another for iOS, etc.).
Another possibility was to use Web services to connect an HTML5 [58] solution. In this way, it is possible to represent the mobile device independently of the device. The problem with this solution is that it is joined to a specific LMS, which means that it is not easy to include other tools. In addition, an HTML5 solution does not allow the learner to add any tool he/she uses to learn.
Both solutions can be combined in order to define a mobile version of the LMS by using HTML5 and also include some tools represented by widgets [59] . However, this can mislead the learner, who would have various entry points to learning in their devices.
Taking this into account, for the implementation, the research team decided to use a specific mobile operating system, Android. This is one of the most popular mobile operating systems and, although this constrained the solution by a specific technology, it facilitated a free, open and scalable definition of the mobile PLE.
In order to carry out this implementation, first a container is defined. It gives access to the user to the different tools included in the PLE (Fig. 3) . In addition, it allows the learner to add any tool installed on the phone and facilitates downloading and installing others.
These can be institutional tools adapted to the mobile that uses the LMS Web services interface, and also other tools that, by using interoperability specifications, return the outcomes of the learners' activity in the mobile environment. For the proof of concept, two tools were adapted for the mPLE. One of them was a Moodle forum. This represents how an institutional tool can be accessed through the mobile PLE and the activities that take place are reflected in the LMS (Fig. 4) . With this tool, the learner can read his/her forums in Moodle courses, create discussions, posts, etc.
An example of the interaction with the forum is shown in Fig. 5 . It shows a BPMN diagram that describes how the mobile forum tool consumes Moodle Web services in order to show the list of forum discussions to a user. The user requests the list of discussions; this request is received and pre-processed by a RequestHandler (this means that the arguments are extracted from the messages, something done in a different way depending on the Web services implementation, e.g. SOAP, REST, JSON-RPC). After that, the content of the request is sent to the request processor. It checks the user identity. If he/she does not have permission to get the discussion list, a response will be sent with an error; on the other hand, if the user is allowed to gather the information, the discussion list will be returned following the Web service model used in the request. Once these data are in the forum tool, they are shown to the user.
The other tool adapted to the mPLE uses interoperability specifications to return learners' outcomes to the LMS. It is a quiz tool; the learner can answer quizzes and return the results to the LMS (Fig. 6) . The teacher in Moodle instantiates a quiz-based activity, and the learner can access it through his/her mobile and complete the quizzes.
The main advantage of this type of implementation is that it provides the learner with a single access to all the tools and services he/she uses to learn in an mPLE, independently if they are functionalities exported from the LMS, external tools, services of the mobile device, etc. This also means that it is possible (although it was not included in the proof of concept implementation) to track the activity that learners carry out in mPLE and return it to teachers and people in charge of the institutions so they can make decisions. For instance, if the teacher detects that students are using the YouTube tool to access videos while learning, they may propose some videos, record and publish solutions in order to improve students' learning.
Given this implementation of the mPLE and the framework, there are different possibilities for interaction between the mPLE and the LMS. One of them is evaluated in the following section: the integration of institutional tools in the mPLE.
Research model and methodology
In order to evaluate the validity of the framework and how the integration of institutional tools can be done in the PLE, a pilot was carried out. Validation was carried out through an empirical exploratory experiment with a small sample of students and teachers. It involved 56 third-year students This exploratory experiment aimed to validate the research hypothesis defined by taking into account the adaptation of the interoperability framework and the definition of mPLE. This hypothesis may be formulated as follows: ''The students appreciate as a positive asset the use of institutional functionalities on a mobile device, which helps them to learn''.
The idea behind this experiment was to validate the research hypothesis by taking into account students' and teachers' perceptions of the use of the mPLE and how it helps them to learn. In order to do so, both qualitative and quantitative techniques were applied. This is known as ''mixed research methods'', and may help provide a more complete overview of the phenomenon and study validation [60] . In the case of learners, quantitative techniques were used-a pilot was carried out, with data gathered through surveys. However, teachers' perceptions were evaluated by means of a semi-structured interview after their experience with the system, followed by a survey, which included open questions for qualitative analysis.
Quantitative validation required a quasi-experimental design [61] . The reason for this is that, in this experiment, pre-established groups of students-class groups-were used; therefore, it was not possible to have random groups of people. Participants were divided into an experimental group-students using the system-and a control groupstudents who did not use the system. Quasi-experimental design implies the definition of a scientific hypothesis, from which a dependent variable is derived. Such a variable is operationalized through several assertions, which are proposed to the students of both the experimental and control groups. The students graded these assertions by using a five-point Likert scale (from 1, corresponding to strongly disagree, to 5, strongly agree).
In both groups, the same tests were applied-a pretest at the beginning of the experiment and a post-test after itthough the students from the experimental group tested the mPLE, while the people in the control group did not. After running the experiment, data were analysed by using probabilistic techniques to validate the scientific hypothesis.
The scientific hypothesis is accepted if the results of the pretest are similar in both groups-which proves that both groups have a common knowledge and backgroundthough the results of the post-test are different for both groups, i.e. those who have tested the tool should have different perceptions about the use of the tool.
For the current pilot, a dependent variable derived from the scientific hypothesis is the impact of the use of institutional functionalities through mobile devices.
In order to operationalize this dependent variable, students were asked about their level of agreement with different statements (see ''Appendix A'') about the system before and after using it-pretest and post-test stages, respectively. In order to confirm whether there were differences between the pretest and post-test results, two statistical tests were applied: a Student's t test and the nonparametric Mann-Whitney U test. The latter was used to confirm the results of the first, since the lower limit for the application of a Student's t test is around 40 people. In addition, the Mann-Whitney U test is recommended for ordinal scales [62] , such as the one used in this study.
For a Student's t test, a null hypothesis is presented for each item; null hypothesis acceptance means that there are no significant differences between experimental and control groups (H 0 : XE = XC). Null hypothesis is accepted if the bilateral significance of the item is under 0.05; otherwise, the null hypothesis is rejected. On the other hand, the Mann-Whitney U test is based on a range comparison between the experimental and the control group, and in this case, the null hypothesis is H 0 : R E ¼ R c (i.e. the range of the experimental group is equal to the control group). As with the t test, significance should be greater [0.05 to accept the null hypothesis. Additionally, students were asked their opinion about the export of Moodle functionalities and about learning through mobile devices and the combination of different tools (see ''Appendix A''). These techniques are also used to compare the results of the current research with other previous ones.
Teachers' opinions were also assessed by means of semi-structured interviews and also by answering a survey (items are shown in ''Appendix A''); their responses were gathered through a form, therefore allowing a qualitative analysis supported by quantitative data. The qualitative analysis was based on open questions related to teachers' opinions about how the mPLE contributes to facilitating students' learning and whether it motivated them and increased their participation. After analysing the text of the answers provided by the teachers, the responses were grouped based on topic-proximity criteria. In this case, the group units were exporting (of LMS tools), combination (in the mPLE with other tools the learner may use to learn outside the institution), participation (how the use of the mPLE affects students' course participation) and problems (if these two environments may cause some kind of conflict for learners). The results from this analysis were shown in a matrix in order to be able to extract conclusions from that information [63] . Figure 7 depicts the research model and the methodology.
Results and discussion
The sample for the pilot comprised 56 students, so it was possible to apply both the Mann-Whitney U and the Student's t test. The results of the Mann-Whitney U test were similar in both tests. These students were divided into two groups. The control group had 33 students and the experimental group 23. The division was done on the basis of the class groups' distribution. The results of the Student's t test are shown in Table 1 . Each row represents an item or statement-identified by their ID in the DV column-and includes the average value for the experimental and control groups (X E and X c ), the standard deviation for the experimental and control groups S X E and S Xc ð Þ , the contrast variable (t) and the bilateral significance (q).
From these values, it can be observed that in both pretest items (I1 and I2), the null hypothesis is retained (that is, the experimental and control group answer more or less the same) with a bilateral significance of 0.768 and 0.322, which is greater than 0.05. In the post-test, the null hypothesis is rejected (the results between the experimental and control group are different). It should be noted that in item I1 and item I2, the average for the experimental and control groups is between 2 and 3, which means that most of them do not use mobile devices to access Moodle or other learning tools. It is also interesting to consider the average of the experimental group in the post-test (4.26), which shows that the students who tested the system consider it useful for learning. These results are confirmed by those obtained from the Mann-Whitney U test. They are shown in Table 2 .
In it, each row represents an item or statement-identified by their ID in the DV column-and includes the average range for the experimental and control groups R E and Rc À Á , the Mann-Whitney U variable variable U À Á and the significance. As with the Student's t test, the experimental and control groups show no significant differences for the pretest; Since the results of the pretest are similar for the experimental and the control groups, but different in the post-test for both groups, it can be concluded that, from the students' perspective, the research hypothesis is confirmed; that is, for the students, it is positive to have the possibility of including institutional functionalities in their mPLE and combining them with other mobile tools.
The answers to the additional question posed to the students support this conclusion (see ''Appendix A''): 95 % of the students agree or strongly agree that exporting functionalities from Moodle, such as the forum, to their devices and combining them with other tools, help them to learn.
Regarding teachers' opinions, qualitative and quantitative techniques were used. The results are shown in Table 3 .
From Table 3 , it is possible to conclude that most of the teachers have a positive attitude towards functionality export to the mPLE, which they perceive as useful and that provides a great potential to carry out different learning experiences. They also think that the combination of such tools with others used by students for learning is positive and enriches students' learning. In addition, participation may be increased as students can use learning tools on their mobile devices, which they always have at hand. In addition, the mPLE defined in such devices is adapted to students' needs and with it, they have available all the tools they really use to learn. Moreover, several of them think that the exporting of functionalities from the LMS and their combination with other tools may cause a decrease in students' attention, that maybe students are misled by so many tools in those devices and that it is necessary to define ways to provide feedback to students. In addition, some of the teachers claim that not all students or teachers have Android-based devices.
Furthermore, these conclusions are backed by the results from the quantitative techniques-70 % of the teachers agree or strongly agree with the exportation of institutional functionalities to mobile devices in order to improve students' participation and enrich institutional learning. The other 30 % believe that it is not easy to have mobile devices involved in all kinds of learning contexts.
The authors of this paper have carried out another experiment with previous framework versions and an HTML5 representation on the mobile of the institutional environment [41] . It considered 40 students from the Project Management subject of the Computer Science degree course of the University of Salamanca. The hypothesis and the assertions of this experiment and the one described in this paper were the same, so it is interesting to compare the results between both of them. To do so, the experimental groups from both pilots were compared. The sample size of this comparison is 43 (23 students from the present experiment and 20 from the previous). As the sample size is around 40, the best test to apply is a Mann-Whitney U test (Table 4) . From this table, it can be seen that the results for the pretest values have similar ranges, and differences are not significant. This means that both groups use the mobile devices in a similar way to learn and to access Moodle. Taking into account the data gathered in the previous section, this implies that neither group usually uses their mobile to access Moodle or to learn.
This may be caused because these devices are not adapted to their learning needs and what they carry out there is not taken into account. Also, there are no significant differences between the groups after the test (the significance is [0.05), which means that both believe that The same How to send feedback to the mPLE the exportation of functionalities from the institution to the mobile helps them to learn. There is a slight difference in range in I3. This may be explained because of the different perception the groups involved in the pilots have about the mPLE. There is a difference between using a mobile PLE represented as a single entry point to the learning tools and the institutional functionalities (education pilot), and the need to use a representation of the LMS on the mobile that can be combined with other tools included on the mobile (Computer Science pilot).
Conclusions
In this paper, two main problems have been presented. Today, learners do not just learn in institutional environments, and they learn throughout their entire life, using very different tools and technologies [64] and in very different contexts. It is thus necessary to take such learning into account. Nowadays, mobile technologies facilitate access to that kind of learning, so it is necessary to take into account what happens on mobile devices. This can be done through the definition of an mPLE that allows, on the one hand, students to use any application of their device to learn and, on the other, to make visible such learning instances to the institutions. In order to make this possible, this paper presented a service-based framework approach. This framework, by using interoperability specifications and Web services, makes communication among mobile PLEs and institutional platforms possible.
Such a framework has been implemented as an Android mPLE and tested with students of the University of Salamanca. From this test, it can be concluded that, from the students' perspective and in a controlled context, the opportunity to represent students' PLE on a mobile device that includes functionalities and/or information from the LMS, which could be combined with other tools they use to learn, encourages them to participate in the subjects and helps them to learn.
As a final conclusion, it is possible to say that the implementation of a mobile PLE is a fact and, although the solution can be improved, the key issue is that it can increase students' participation and help them to learn. Moreover, it is possible to make some of the mobile learning activities carried out in the mPLE visible to the institution.
As a future work, regarding the framework implementation, it would be interesting to improve the client to support learners' activities logging, and in this way collect quantitative data about which are the most used mobile tools for learning; to define new versions of the system for other operative systems; to adapt more tools; to measure the usability of the solution; to compare the grades of the students that use the mobile PLE with others that do not use it, etc. With regard to validation, it is necessary to consider different contexts away from the university environment, with people with less knowledge about the use of mobile devices, in different countries, and to apply other statistical tests and qualitative techniques during the pilots. Op1 After using the Moodle forum through a mobile device, I consider export tools like those to mobiles make it easy for me to follow discussions and participate in the forum, so my learning is improved and the forum's use is in my opinion more attractive
Additional opinions from teachers
Op2 The possibility of using institutional tools in other contexts such as mobile devices will increase students' participation and will enrich their learning Univ Access Inf Soc (2015) 14:375-387 385
